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UNRESOLVED RESONANCE PARAMETERS OBTAINED FROM
POLARIZATION MEASUREMENTS ON 237y

G. A. Keyworth, M. S. Moore and J. D. Moses

University of California, Los Alamos Scientific Laboratory#*
Los Alamos, New Mexico 87545, U.S.A.

ABSTPACT

Recent measurements using polarized neutrons and a polarized
235U target are analyzed with the objective of providing guildance
to evaluation efforts for ENDF/B-V. This study 1s particularly
addressed to the unresolved resonance region and above, where
fluctuations are observed in the partial cress sections. We find
strong evldence to support th: hypothesis that these fluctuations
are associated with local enhancements due to the double-humped
fission barrier. We discuss the applicability of these data in
improving estimates for various average parameters (lecvel density,
fission width, radiative capture width, s- and p-wave strength
functions) and arrive at a recommended procedure for evaluating
the observed structure.

INTRODUCTION

The existence of pronounced structure in the neutron-induced fission
and total cross sections of 235U below "~ 100 keV is well established, and
several analyses have been performed [1-4] which indicate that the struc-
ture in the fission cross section cannot be explained by the usual statis-
tical model treatment of urnresolved resonances. It has been suggested
{1,3,4] that the fluctuations can be attributed to modulations or local
enhancements due to states in the second well of the double-humped fission
barrier. If this suggestion 1is correct, it wovld imply that the present
treatment of unresolved resonance cross sections using evaluated data from
FNDF/B 1is inadequate, and could lead to substantive differences in the
calculation of self-shielding factors, reactivity coefficients, and the
general treatment of cross sections for reactor design.

The only mechanism which is known to lecad to :atermediate structure in
fission 1s enhancement of the fisslon widths by states of tue second well
of a double-humped fission barricr (Class II states). Cao [1] has pointed

*Work performed under the aunsplces of the United States Energy Research and
Development Administration.



out that the observed frequency of the fluctuations in (235U + n) is con-
sistent with the systematics of sub-~threshold fission for non-fissile
targets and of second well parameters deduced from fission isomers. This
mechanlsm requires that the fluctuations be produced by Class Il etates of
definite spin. This has been experimentally verified by Ke;worth et al [5]
for (237Np + n). Thus we expect that if the structure in ( By + n) arises
from such a mechanism, the statistical tests which indicate non-statistical
behavior in the fission cross section should show this spin dependence.

The technique of using polarized neutrons on a polarized target of 2350,
ag the definitive method of determining the spins of resonances in the con-
pound nucleus 236y has been discussed by Keyworth et al [6,7], who reported
spin assignments to 60 eV. 1In 1974, a second series of runs was made by
Keyworth et al on the Oak Ridge Flectron Linear Accelerator wlth increased
polarization. A preliainary report of the results obtained was given at
the 1974 Nuclear Cross Sections and Technolozy Conference [8]. These Jata
extend from 1 eV to 50 keV, and contain high enough statistical accuracy to
permit a more nearly complete analysis to be carried out over the entire
resonance region, both resolved and unresolved. It should be pointed out
that the polarized-neutron-polarized-target technique gives definitive
results only for s-wave neutron resonances, which implies that the range of
applicability roughly corresponds to the current ENDF/B defilnition of the
resonance region for 235y; 0 - 25 kev.

SUMMARY OF THE EXPERIMENTAL MEASUREMENT AND DATA REDUCTIONS

A complete description oi the polarization measurement is not necessary
to the present discussion, but a brief summary is provided to show the
unique properties of the results obtained. The neutron beam was polari.ed
by transmission through Laj Mgy (NO3);2 * 24 H0 in which the hydrogen in
the water of hydration was polarized. The target was a polarised sample of
235ys. The data consisted of time-of-flight spectra of fission events
occurring in the sample with the neutron beam polarized parallel and anti-

parallel to the target, and of the transmitted neutron beam under the same
conditions.

For present purposes it is adequate to represent the epin 3~ and spin 4~
enhanced count rates by
N3 = A3o3¢ + A404¢, (1la)
and N4 n B3o3¢ + 3404¢, (u)
where @3 and g, are the spin-3 and spin-4 cross sections, ¢ 1s the flux, and
the constants A3, A;, B3, B, are calculated from known neutron polarizstions,

the nuclear polarization, and the target spin. Equatlions (la) and (1b) are
solved for the quantities

04¢ & (A3Nl‘ - 53N3)/(A384 - BjA,) (2a)

and 0'3¢ = (341‘13 - AﬁNl‘)/(A:’BA - B3A/’) (Zb)



Thesc quantitics are plotted for energy regions 8 - 20 eV (in the resolved
ranze) and 200 ~ 260 eV (in the unresolved range), in Figs. 1 and 2. From
such plote, it 1s easy to make spin assignrents for essentially all the
observed resonance structure and to extract average or effective J values

for broad bins in the unresolved regilon. Here we define Jeoffective ™

3 + 64/(05 + 04). It should also be noted that these data show clearly the
existence of previcusly unresolved doublets of different spin -- for example,
the weak spin-3 resonince at 39 eV,

SPIN DEPENDENCE OF STRUCTURE IN THE UNRESOLVED RESONANCE REGION

The question to be addressed is whether the large fluctuations in the
fission crogs section are spin dependent. In the summed counts (N3 + NA)'
the fluctuations are clearly seen, as shown in Fig. 3 for the energy range
8 - 20 keV. However, visual inspection of the spin-separated data, shown
in Tig. 4 over the same energy region, shows only slight evidence that any
of this structure is associated with one spin or the other. Thec statistical
accuracy of the data is low, and we might assume that it requires quantita-~
tive statistical tests on broad-bin averages to reveal any spin dependence.
Following Migneco et al [4], we first carried out a Wald-Wolfowitz runs-
distribution test from 0.1 to 25 keV on Joef - (Jogp) with bins of 240 and
400 eV, and from 0,1 to 10 keV with bins of 85 eV. Migneco et al reported
that this test gave highly significant results when applied to 05 for 235U,
but the test applied to the polarlzation data gave results consist:nt with
a random distribution of spin. We next calculated the serial correlation
coefficients of Jorf with a bin size of 240 eV from 0.1 to 25 keV, followed
by a Wald-Wolforritz test on these coefficients; the same test was also used
by Migneco et al [4]. The results agaln showed no significant departure from
a random distributlion. Following James et al [3], we tried the Levene-
Wolfowitz runs-up-and-down test on Jegf with a bin width of 240 eV from 0.2
to 25 keV. Again, the results were completely consistent with the null
hypothesis of a random distribution.

The next test, however, showed a much more interesting result. We
calculated the correlation coefficient between the spin-3 data and the
suumed counts and between the spin-4 data and the summed counts, for broad-
bin aveirages. The results, shown in Table I, indicate that the observed
structure is attributable to spin 4. Apparently there is still enough
statistical error associated with the broad-bin averages that it masked the
effect when we used the usual tests for intermediate structure. The results
shown in Table I, however, are definitive. showing that essentially all the
fluctuating part of the 255U flesion cross section has J = 4,

We conclude that the polarization data give strong support to the
hypothesis that the fluctuations in the fission cross section of 235U are
a second~well phenomenon. We note that the general procedurc used in
previous versions of ENDF/B for the unresolved resonance region should be
modified in order to treat this phenomenon properly.

S et g



AVERAGE PARAMETERS FOR THE UNRESOLVED RESONANCE {EGION

The polarization data can also be used to provide better estimates of
the average parameters for the unresolved vegion. The first of these is the
level density. Fig. 5 shows the usual stairstep distribution of spacings
for spin-3 and spin-4 resonances below 360 eV. (Only the tips of the stairs
are plotted.) Below 60 cV, we used the A4 test of Dyson and Mehta 9] as a
criterion for arriving at the recommended average spacing of 1.153 eV and
0.896 eV for spin 3 and spin 4, respectively, which would 1imply a total of
119 levels of both spins between 0 and 60 eV. If the spacing distribution
follows the prediction of the Gaussian Orthogonal Ensemble (GOE), then the
Ly test as a missing~level indicator is a very powerful one. Jain and Blons
{10] have questioned the applicability of the GOE for nuclides near A = 240.
To check this for (235U + n), we have devised an independent missing level
estimator, which is based on two assumptions: (1) the neutron width distri-
bution is Porter-Thomas; and (2) the larger widths are accurately known. For
the resonance region in (235U + n), a lower limit of {I'n®) /4 seems appro-
p-iate. It can be easily shown that the Porter-Thomas distribution has the
following properties:

Lux)dx - 0.617, (3a)

_/:;T‘?f(x)dx = (0.704 (I'n")!j, (3b)
and _/;;n°f(x)dx = 0.969 (In°), (3c)
where  x = Tn°/(In, and £(x) = 7o— exp(-x/2).

If one forms the ratio:

2. gn® / (Z v"gl‘n')z,
{In® /4 (I'n° /4

it has the expectation value

0.969 . 0.617
€0.704)2 n

= 1,206/n

where n is the number of levels having I'n® larger than (I'n°®) /4., To use the

missing-level estimator, one calculates the quantity n Zgrn°/(z/Erﬁ‘}2,
starting with the largest value of gI'n° in the interval and adding additional
levels, one at a time, going from larger to smaller values in the ordered
array of observed values of g[m®. When this quantity equals 1.206, the total



nuaber of levels in the interval is n/0.fl17. It should be noted that the
estimator is independent of any assumptions of (gl'n®) ; in fact, an estimate
of this quantity is derived along with the total pumber of levels. We
tested the missing-level estimator by Monte-Carlo sampling from a Porter-
Thomas dis:ribution as shown in Fig. 6; the expected relative error varies
as 1//N, where N is the total number of levels in the sample, or ~ 9% for
126G levels.

To use rhe missing~level estimator for (235U + n), we first note that
the s-wave neutron strength function, (Tn°®/I? , as calculated from Mughabghab's
recoumended parameters [11], is independent of spin. The spin independence
of the s-wave strength function and the almost perfect agreement of the
stairstep spacing distribution (Fig. 5) with the expected (2J + 1) slope
below 60 eV suggests that we can use the quantity gl'n® as a spin-independent
variuble in checking for miasing levels. 1t may be useful to point out that
the s! ength functicn is protected against missing levels so that the -»in
independence of the strength function 1is valid even if we miss more levels
of one spin than of the other.

We used this estimator with three recommended sets of resonance
parameters for 235y, those of Mughabghab [11], those of Smith and Young [12]
for ENDF/B-III, and those of Reynolds [13] for ENDF/B-V; the estimator gives
107 *+ 10, 117 *t 10, and 110 * 10, respectively, as the total number of levels
of both spins betwecn 0 and 60 eV. These results are consistent with the 119
predicted by using the spacings obtained with the A test. We conclude that
the GOE glves an accurate representation of the spacing distribution, and
that the (23 + 1) variation of the level density secems to be confirmed for

35U; we see no need for a spin cutoff factor, at least for spins < 4. The
number of levels which are missed in the usual type of mcasurement (in which
the spins 1re not separrted) seems to be substantially lower than the statis-
tical analysis of Garrison [14] would indicate. We see no evidence for a

large number of missing levels as suggested, for example, by Felvinci et al
[15] .

The average fission widths for the two spin states are different -~ the
thrze sets of recommended parameters [11-13] suggest that (Pf) .. 1a about
twice as large as (Ff) ~+ The resolv:d resonance parameters ol Smith and
Young [12] and of Reynolds [13] are bhased on multilevel analysis of total
and all measured partial cross sections, and should be a more accurate
representation than those of Mughabghab [11]. The results of the two multi-
level fita do not agree, liowever. Using the Smith and Young parameters, we
get (Ff)3_ = 0.179 eV, (lf)4- = 0.090 eV; using the Reynolds parameters we
get (Tg 3 = 0.220 eV, (Tg),- = 0.098 eV. The discrepauncy can be attributed
to the assumed value for the radiation width: Smith and Young obtain (T) =
0.0355 eV; Reynolds uses 0.042 eV. The ratios (Ff)/(ry> agree; we obtain
(Pf>3/<ry) = 5.18 and (Tg) 4/AT\) = 2.45 for the energy range 0 - 60 eV, using
the average of hoth multilevel analyses [12,13]. We prefer the narrnwer set
of widths from Smith and Young [12] for two reasons. First, we expect that
narrower widths will give better agreement with the resonance self-shielding
experiments of Bramblett and Czirr [16-18), and secondly, we find that an
average capture width of 0.042 eV appears to be less consistent with n-- lear
systematics than is 0.0355 eV. We can calculate the cnergy dependence «f the
average radiation width [19], which can be normalized at the neutron binding
cnergy (less the palring coriection) to data for non-fissile targets in the



lower actinides. The pairing correccion we obtuain from a plot of the reduced
level spacings D(2J + 1), which also shows a systematlc excltation encergy
depcndence, as may be seen in Fig. 7 [20].

The results of this exercise are shown in Filp. 8; they suggest a value
of {I'yY) = 0.037 eV for 235y, although the scatter of data points does not
preclude ~ny value in the range of 0.035 to 0.040. We see little reason to
change th: value of (FY )= 0.035 eV reccmmended by Pitterle et al [21] for
ENDF/B-11I.

Using the Smith and Young average radiatlon width of 0.0355 eV gives
(Tg)3 = 0.184 eV and (Tf>4 = 0,087 eV for the resolved resonance region. It
1s instructive to see what the Bohr-Wheeler estimate would be. Using a
single-humped barrier, the estimate is

Tg

(3 =3 (4)

where n 1s the number of open fission channels. 1If the barrier has wore than
one hump, and if the compound nucleus assumption is valid for states in the
second well, then the reaction rate follows the cxpression given by Eyring
[22) for sequential processes:

K= (Z k) (5)

where k' 1s the overall rate constant and k4 is the rate constant for each
barrier. This leads to the now familiar expression

AB PA + PB

P

for a two-humped barrier., where P, is the total penetrability, and P

and
Pg are the penetrabilities for eaéﬁ of the two barriers.

A

For excitations near the top of the barrler, the configuration in the
second well may well be represented as an independent compound nucleus with
various decay modex, such that Eqs. 5 and 6 are valid. For fully open
channels, w2 see that the Bohr-Wheeler estimate is modified to read

.y .'TD
(rep =3z 4"



1f we calculate this quantity, using the recommended spacings for
spin 3 and spin 4, we find (T3 = 0.092 eV and (Tg), = 0.071 eV for each
open channel. We can thus iafer that, for spin 3, the observed fission width
is consistent with two fully open channels, or more than two, 1f they are
only partially open. The chserved fission width (Tf)4 corrzsponds to no more
than one fully open channel. This is reasonably consistent with the distri-
bution of widths for the resolved resonances: Keyworth et al [8] reported
ve 2,04 % 0.65 and 1.27 * (.33 for spin-3 and spin—-4 fission widths,
respectively, hased on a fit to the chi-squared distribution with v degrces
of freedom, using the method of maximum likelihood. The Bohr-Wheeler
estimate is in surprisingly good agrecment with our recommended values of
(Tg)y = 0.184 eV and (Tg), = 0.087 eV; we calculate (Tg) 3 = 2,04 * 0.092 =
0.188 eV, and {Tgdy = 1.27 * 0,071 = 0.090 eV (with e-rors of 30%).

The data of Pattenden and Pastma [23] can be used to give additional
information on the fission channel quantum numbers. Patrenden and Postma
reasurcd angular distributilons of fission fragments with aligned target
nuclei of 235U, reporting their results in terms of Aj, the coefficient uf
the P, term in the Legendre expansion of the angular distribution. The
coefficient A2 is a function of both J and K, the projection of J on the
nuclear symmetry axis.

We find that Ay 1s significantly correlated with Jeff (at the signifi-
cance level of 1073 as defined in Table I.) A plot of A; versus Joff 13
shown in Fig. 9. We use a linear least—-squares fit to these data. shown by
the solid lire in Fig. 9, to infer the average value of Ay for pure spin-3
resonances (Joff = 3.0) and for pure spin-4 resonances (Jogf = 4.0),
obtaining (A2§3 = -1,22, <A2)4 a ~-2.01. For J = 4, we assume that the
lowest two channels, X = 1 and K = 2, are open. Knowing the characteristic
A9 for each J, K (shown as the bars on the right hand side of Fig. 9)
enables ‘s to calculate the contributions from each chamnel; we find
(Te) 3,k = 4,1 = 0.071 eV, {Tg), 5 = 0.016 eV 1if the total width is 0.087 eV.
We infer that the J,K = 4,1 channel 1s fully open, the J,K = 4,2 channel is
only partially open. For J = 3, we have an apparent inconsistency. We
expect thrce possible channels, for K = 0,1,2, and we expect that if the
J,K = 4,1 channel is fully open, the J,K = 3,1 channel (which presumably lies
at lower excitation) will also be fully open, with an average fission width
of 0.092 eV. With these assumptions, we can solve for (I'g)y y = 3,0 and
(Tg) 3 k = 3,2 finding {Tgd3 0 = 0.019 eV, (Tg)3 7 = 0.073 eV for a total
width'of 0.184 ev. Within the error on the least squares fit, we could use
(Ff):},l = (I‘f)3 2 a 0.092 eV and (l.f)3 0" 0.

» »

These results are not new; essentially they confirm those of the
carlier polarization mcasurements of Keyworth et al [7], who arrived at the
same conclusion. But they are not what had bcen expected. For many years,
the assumption was made that the chanrels open in order of ascending X,
following the sequence of octupole vibrational band heads observed near the
ground state of even-even nuclides., Why the J,K = 3,0 channel seems to be
forbidden remains an unanswered question.



THE VARTATION OF o)

The most important resuit of the present study, that the structure in
tha fission cross section of 235U can be attributed to the double-humped
barrier, and, in particular, to the J = 4~ spin state for s-wave neulron-
induced fission, leads to a new understanding of the variation of the capture-
to-fission ratio, and to the necessity of a revised treatment of the capture
cross section and {a). While earlier work [1-4] had strougly sugpested that
the double-humped barrier might be of importan 2 in causing fluctuatlons in
of for 235U, there was no prescription for treating this effect in an
evaluation. For ENDF/B. the approved procedure for trcatlng the fluctuations
in the unresolved resonance region and for File 3 (the "smooch" cross
sections) is as follows: one looks at the fluctuations in the capture and
fission cross sections and holding (FY) fixed one solves for a pointwise
variable {T¢) and (T} for one or both spin states which describes the
fluctuations, in broad-bin averages, to the desired degrec of accuracy. The
difficulty, at least with previous versions of ENDI/B, is that (o) above 3
keV was given with too coarse a bin struc*ure (v 1 keV) to describe the inter-
medilate structure; the result was that the capture and fission cross sections
tended to show the same structure, and their ratio, {a), was more or less
featureless.

The present results suggest a completely different treatment. If the
structure in fisriop 1s due to enhancement of the 4~ r-sonances related to
the double~humped barrier, the capture and fission cross section structure
will show a strong negative coriclation, and {(a) will reflec: this in showing
pronounced fluctuations; it 1s hardly necessary to add that we should expect
a conslderable differeance in the calculated self-shielding factors and
Doppler coefficients.

The purpose of the present section is to show that evidence cxists to
support the anticorrelation of the fission and capture cross sections of
235U. and, in particular, to show that it is the J,K = 4,2 component which
reflects the intermediate structure in 235y fission. We begin by showing,
in Fig. 10, the fission and capture cross sections (multiplied by vE for
greater clarity) from 0.1 to 1 keV as reported by Gwin et sl [24]. The
correlation coefficient is strong (-0.494) but hardly conclusive, since
there are only nine data points. We also calculated the correlation coef-
ficient between (a) from ENDF/B-IV and Jegf from 80 eV to 1 keV, finding much
the same result: the correlation is strong (-0.511) but aot conclusive,
because there are too few data points below 1 keV, and rLhe bin structure
above 1 keV is too coarse to show the effect.

Next we note, as shown in Fig. 11, the data reported by Pattenden and
Postma on the variation of Az below 2 keV. The data have very large
uncertainties at the highest energles, but they seem to suggest a trend, a
lowering of -Ap with increasing energy. If we calculate the expected vari-
ation of A using the double-hump barrier parameters of Back et al [25] for
the compound nucleus 236U, we find that there 1s no way we can get a
variation much larger than 1Z in 2 keV, except by assuming second-well
enhancencnt.
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If we make the assumption that any variation in Ay is due to the spin-4
component, Ap for spin 3 remaining fixed at -1.22, then we can solve for
(A2)4 as a function of energy. This is shown in Fig. 12 over the energy
region 0.1 - 1.5 keV; plotted in the same figure is (a) reported by Gwin and
(a) given in ENDF/B-IV. The positive correlatioa ie obvious: {a) is low
when the J,K = 4,2 chanuel is large (low values of -Ay); again the correlation
is not conclusive because there are too few data pointsa. No one piece of
evidence is conclusive, yet they all point in the same direction: the
fluctuations in of are due to second-well enhancement of the J,K = 4,2
channel, which is reflected in (w).

RECOMMENDATIONS FOR ENDF/B-V

To use the present results in the evaluation of the unresolved resonance
region requires a change in the approved procelure, and, unfortunately, in
the processing codes wnich use ENDF/BE. The problem is that width-fluctuation
corrections are not properly made if the two spin-4 fiesion channrels have
different widths. A change in procedure is not possible for ENDF/B-V because
of deadlines which the evaluators must meet, but we shall outline what we
consider to be deficilencies of the present treatment for consideration in the
future. The present format allews a pointwise variable (in energy) average
neutron width with one or two degrees of freedom, to account for structure
in the total and elastic scattering cross sections, a fixed (T} with an
infinite number of degreez of freedom, and a pointwise varjable average
fiszsion wldth with an integral number of degrees of freedom for each spin
state, to account for structure in {gg) and (@). To generate the average
fission, capture, and elastic scattering cross sections from relatively
coarse binneld data which reflect the ctructure, one uses the code. UR [26],
which performs the integrals over the appropriate chi-squared distributions
to obtain wildthrfluctuation corrections, and then uses an iterative pro-
cedure to extract the appropriate average widths which fit the binned data.
The most time-consuming part of the code is the width-fluctuatioun calculation.
If one performed this calculation from first principles; it would involve a
multiple integral over a Porter-Thomas distribution for each of the partial
widths which may exist. The code UR contains an expression by Dresmer [27],
which uses the superposition theorem for chi-squared distributions to reduce
the multiple integral to a single integral, with the restriction that the
number of degrees of freedom be integral, We had hoped, by a suitable
definition of a non—integral nunber of degrees of freedom to describe the
case {Tg) 3 x = 4,1 % ¢TeJ,K = 4,2, that the Dresner expression could still
be used, but unfortunately it does not give the right auswer for the width
fluctuation correction integrals unless (Ff)4.1 = (Tf>4.2 or unless one of
the two partial widths is zero. We find that the width-fluctuation integrals
given by the Dresner expression differ from the correct integrals by as much
as 5% for Vg non—-integral. Perhaps there is a definition of Veff which
would allow general use of the Dresner formula, but we lLave not found itL.

We recormend that, ~fter ENDF/B-V, use of the Dresner expression be
discontinued, both in UR und in the processing codes which use ENDF/B, in
favor of a somewvhat more complicated but presumably more accurate represeata-
tion by Shaker and Lukyanov [29], which treats the case that the reaction
channels can be divided into a small number of groups with a different average



width for each of the groups. Alternatively, one might consider an approach
similar to the quick and simple one we devised for testing the Dresner
formula: we actuvally carried out the triple integration, veplacing each
integral by a weighted .um over 20 levels Judiclously chosen from the
appropriate chi-squared distribution. We found that we could calculate width-
fluctuatfon corrections in agreement with the Dresner formula (where it is
applicable) to less than 1% in all cascs we tried, and genecrally the agree-
ment extended to the fourth decimal place. Furthemeore, most of the computer
time was spent in evaluating Lhe Lresner formula. Additionai time savings
might be achileved by selccting the twenty widths from a non-integral chi-
squared function, in which case one reduces the triple sum to a double sum.

If the problem of calculatiag width-fluctuation corrections for a
non-integral number of fission channels were solved, then the s-wave
parameterization given in Table II could be used as a starting point for
the extraction of energy dependent widihs 1n the unresolved region.

Table II also contains recommended p-wave parameters. To obtaln these,
we chose p-wave strength functions consistent with an extrapolaticn of the
p]-/2 and p3/2 optical model parameters of Lagrange [30] to 238y, a constant
radiaticn width, equal to that for s-waves, and fission widths which give a
reasonale representation of {a) above the unresolved 1esonance rz2gion. The
results of a calculation based on this parameterizatisza are shown in Fig. 13,
Again, it should be pointed out that these are initial guesses only, and are
open to modification as required by the detailed fitting of the structure.
It is interesting to note that the recommendations made by Pitterle ct al
[21] for ENDF/B-111 are remarkably close to those shown in Table IT,
especially considering that essentlially none of the data we have used were
avallable to them at that time. It also might be noted that we deliberately
refrained from studying Pitterle's repo-t until the present study was
completed.

For ENDF/B-V, we are still restricted to integrai values of the number
of fission degrees of freedom becavse of the widespread use of the Dresner
formula in treating width-fluctuation corrections. We recommend that both
(g g7,k = 4-,1 and {Tg) 7 g = 47,2 be varied together, with v = 2. This
should be a much better representation than earlier versions which varied
{Tg) for both spins, and, while it is not strictly accurate, may be a
reasonable compromise.
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TABLE I

Correlatlion coefficiants and significance levels for the correlation
of spln-3 and spin-4 Jata with structure in 235y Of, from 8 - 25 keV. 1In
this tzble, ihe significance level ies the probability that the observed
correlatien or larger would occur with a randomly selected sample.

Energy Range Bin Width Significance Significance
(keV) (keV) D(N3sz) of p(N3pz) D(N4-):) of p(N4|Z)

8.0 - 10.4 0.12 -0.01617 "0.50 0.7048 0.0003

10.4 - 12.8 0.12 0.2148 0.18 0.6148 0.002

12.8 - 15.2 0.12 0.0389 0.35 0.3815 0.05

15.2 - 20.0 0.24 0.1996 0.20 0.7111 0.0002

20.0 - 24.8 0.24 0.2336 0.16 0.7443 0.0001

24.8 - 34.4 0.48 0.2864 0.11 0.8194 <0.00001
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TABLE 11
235

Unresolved Kesonance Parameters for U
So = (I'n°/D ~ 1.0 x 10_4 and variable, depending on
structure in (0,1) .
- 1 - b
51.1/2 (Tn /n>1,2 1.26 % 10
1 -4
51.3/2 (n*/p 372 = 1:76 x 10
r, = 9,5663 fm (:nchanged from ENDF/B-1V)
Dy = 1.6135 oV
Doy = 1.1525 eV
D;., = 0.8958 eV
Dys = 0.733% eV

(r'f>3- = 0.184 eV, Vv = 2
(rf)J",x e 4,1 = 0:07L eV, V=1

(r) = -~ , ™V 0.04 eV and variable, depending on structure in
m / * » ]
¢ K=4,2 (o and (), v=1

<RY> 0.035 eV*, v = @ (unchanged from ENDF/3-IV)
<rf)2+ = 0.513 eV, V=4
<rf>3+ = 0,276 ¢V, V= 3

(rf)4+ = 0,285 eV, V

4

(T)+ = 0.173 eV, Va3

*Calculations shown In Fig. 13 used <RY) = 0.037 ev.
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The hlstograms reflect the cross mection structure reported
in ENDF/B-IV; the smooth curves are calculated from parameters
in Table II.



